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Introduction
Chronic obstructive pulmonary disease (COPD) is a respiratory condition with clinical manifestations that affect not only the quality of life and prognosis but also the overall health of the patient. 1 Consequently, care of COPD patients should comply with the clinical guidelines to ensure optimal clinical care. 2 In this context, clinical audits have emerged as a tool to measure clinical activity and benchmark it against known clinical standards. 3 Previous clinical audits in COPD care have shown variability in clinical practices across hospitals and countries after adjusting for different confounders.
Additionally, respiratory virus infection is more common in the winter and virus-associated exacerbations take longer to recover from. 11 Consequently, clinical practice in COPD care can be influenced by weather variability throughout the year. Unfortunately, the effect of different seasons on clinical practice in COPD care has not been evaluated thus far, and previous clinical audits have not taken into account the climatic changes and their potential effect on clinical care. In Spain, the weather varies from very high temperatures and high pressures during the summer to considerably cold winter months with temperatures reaching 0° in some areas, warranting an investigation on the influence of climatic changes on clinical care for COPD.
During the period 2013-2014, a clinical audit was conducted on COPD outpatients of hospitals in Andalusia, Spain (more than 8 million inhabitants). 12 The present study analyzes the results of this Andalusian COPD audit with regard to potential seasonal changes in clinical practice, in order to explore the hypothesis of seasonal variability in COPD clinical care throughout the year.
Methods
The Andalusian COPD audit was a pilot clinical audit conducted from October 2013 to September 2014 in outpatient respiratory clinics of hospitals in Andalusia, Spain (8 provinces with more than 8 million inhabitants). The methodology used has been extensively reported previously. 12 In brief, 20% of the centers in the area were invited to participate in this audit. The selection of centers was based on participation in previous audits and was voluntary. As it was a pilot study, randomization was not performed, and therefore, we did not aim to achieve representative sampling.
Patients with an established COPD diagnosis based on risk factors, clinical symptoms, and a post-bronchodilator forced expiratory volume in 1 second/forced vital capacity (FEV 1 / FVC) ratio 0.70 were deemed to be eligible. 13 As our goal was to assess the usefulness of formally scheduled regular follow-up visits, only cases with at least 1 year of follow-up were included in the audit. Patients who underwent their first diagnostic visit or presented with an exacerbation were not eligible. Similarly, subjects with significant respiratory comorbidities that could influence COPD treatment approach were excluded according to the local investigator's discretion.
Based on our previous experience, we estimated that 80 cases per center would be required for this pilot study. Recruitment for the 1-year audit was performed in 4 quarters (October-December 2013, January-March 2014, AprilJune 2014, and July-September 2014). At the beginning of each trimester, investigators were instructed to identify consecutive COPD cases until the desired sample size of 20 per trimester was reached.
The clinical practice of outpatient clinics was benchmarked against the clinical guidelines available at the time of the audit. During the study period, the GOLD 2013 13 and the Spanish National Guideline for COPD (GesEPOC) 14 were widely and uniformly used in Spain. We, therefore, carefully reviewed these 2 guidelines to extract relevant clinical recommendations for benchmarking the clinical practices audited. We also considered the guidelines of the 2009 Spain HealthCare Quality Standards in COPD, which were applicable at the time of the audit. 15 The final database included 55 variables for the resources and 182 variables for the clinical database. Among the items evaluated, it was verified whether doctors assessed the patient satisfaction with the inhaler. For this purpose, investigators were asked whether the degree of satisfaction with the inhalation device was recorded during the clinical visit with 2 possible answers: yes or no.
For the present analysis, astronomical seasons in the Northern hemisphere were used as reference. Thus, December 21 to March 20 was considered winter, March 21 to June 20 was spring, June 21 to September 20 was summer, and September 21 to December 20 was autumn.
The audit was approved by the Ethics Committee of the Hospital Universitario Virgen del Rocío (code: 2013PI/201). Clinical records were anonymized in the database by assigning a numerical code through an algorithm. No personal information that could be used directly or indirectly to identify an individual was registered. The relationship between the audit code and the clinical history number was kept local and was the local investigator's responsibility. Because of the retrospective nature of the study, the anonymization of data, and the lack of active diagnostic or therapeutic interventions, informed consents were not required according to the Ethics Committee of the Hospital Universitario Virgen del Rocío.
statistical analyses
All computations were performed using the Statistical Package for Social Sciences, version 23.0 (SPSS; IBM Corporation, Armonk, NY, USA). Before performing any analysis, the database was evaluated for quality. The values that were extreme from a clinical point of view, missing, or 
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seasonal variability in clinical care of COPD outpatients inconsistent were returned to the investigators for correction. Clinical variables are presented as the mean and standard deviations or absolute and relative frequencies, as appropriate for displaying the results of the entire cohort and dividing them by seasons. The variability was expressed by using the interhospital range, which represents the highest and lowest mean value from the participant centers. The significance of this variability was explored using the Chi-square test or analysis of variance (ANOVA) between the different participant centers. Crude differences between seasons were evaluated using ANOVA or the Chi-square test, depending on the nature of the variable. We then explored the relationship between the doctor's adherence to the different guideline recommendations and season-related changes by performing a binomial multivariate logistic regression analysis using the enter method adjusted for age, sex, Charlson comorbidity index, type of hospital, and COPD severity by FEV 1 . The results were expressed as odds ratio (OR) with 95% confidence intervals (CIs). The alpha error was set at 0.05.
Results
Overall, 621 clinical records from 9 hospitals were audited. The patient characteristics of the audited cases are summarized in Table 1 . Most patients were men in the seventh decade of life, and a considerable proportion of patients were current smokers; in addition, homogeneous distribution of comorbidities and moderate-to-severe lung function impairment were noted.
The distribution of the information obtained during the clinical interview over the 4 seasons is presented in Table 2 . The occurrence of dyspnea recorded using the modified Medical Research Council (mMRC) scale and the COPD assessment test increased in winter; sputum color and hospitalizations were recorded less frequently in autumn and increased in summer. During autumn, the recording of previous exacerbations, smoking status, inhaler device satisfaction, and adverse effects decreased, whereas the recording of the current pharmacological strategy increased.
The different complementary diagnostic evaluations requested during the 4 seasons are presented in Table 3 . Only the measurement of serum α1-antitrypsin level was found to be influenced by the seasons, with a decrease in spring. The final treatment-related recommendations after the follow-up visit during the 4 seasons are presented in Table 4 . Only the decision as to whether to discharge the patient from the clinic was influenced by the season, with an increase during the summertime.
After adjusting for covariates, only the assessment of inhaler device satisfaction was found to significantly differ according to seasons with an increase in winter (OR, 3.460; 95% CI, 1.469-8.151), spring (OR, 4.215; 95% CI, 1.814-9.793), and summer (OR, 3.371; 95% CI, 1.391-8.169) compared to autumn. Notably, inhaler device satisfaction was low in the majority of centers (Table 2) , peaking at 60.5% in 1 center. In fact, those seasons with device satisfaction more frequently recorded reached an average maximum of 21.5%.
The rest of the observed differences were not significant when adjusted for covariates (data not shown).
Discussion
The Andalusian COPD audit was the first to evaluate the quality of care in COPD treatment in specialized respiratory outpatient clinics. The present study explores the potential influence of seasons on clinical care. The results of the study showed that after controlling for confounders, there is no relationship between seasons and clinical practice.
The analysis of clinical performance against the recommended care has provided relevant information on how care is provided to COPD patients. 16 Clinical audits are conceived as a tool to summarize the clinical performance of health care over a specified period of time and are aimed at providing information to health care professionals to allow them to assess and adjust their performance. 17 Although clinical performance has been extensively studied during COPD admissions, 18, 19 the situation in outpatient clinics has been mainly evaluated in the Andalusian COPD audit, 12 providing information on clinicians' adherence to guidelines 16 and pharmacological treatment performance. 20 Previous studies have evaluated the rates of adherence to GOLD guidelines for COPD treatment among pulmonologists; however, these studies focus exclusively on pharmacological treatments. [21] [22] [23] In the present study, we evaluated a typical follow-up clinical visit, and thus, in turn, determined the degree to which the doctor in-charge follows and records the recommended information, highlighting the variability of performance throughout the different seasons.
In order to interpret our results correctly, some considerations need to be made. 1) The Andalusian COPD audit was conceived as a pilot study. This implies that there was no randomization of centers, and that the variables included were not all possible. Accordingly, randomization of a center in wider geographical areas and a comprehensive evaluation of different variables and clinical outcomes would improve the representativeness of the sample. After this first experience, we identify the need to confirm our findings in a nationally representative audit, expanding the area studied and increasing the number of variables. 2) It is important to evaluate the effect of guideline adherence on clinically relevant outcomes. Accordingly, a follow-up of patients 
.653 any other health status questionnaires excluding CaT (n)
Notes: *Data are expressed as mean (sD) or absolute (relative) frequencies depending on the nature of the variable.
# Calculated for the variability between centers using anOVa and Chi-square test, depending on the nature of the variable.
‡ Calculated for the variability between seasons using anOVa and Chi-square test, depending on the nature of the variable. § Significant difference versus the rest of the seasons. Abbreviations: anOVa, analysis of variance; sD, standard deviation; CaT, COPD assessment test. is needed to evaluate the effect of guideline adherence on exacerbation rates and survival. 3) There are potential intrinsic limitations resulting from different auditors evaluating different medical records. To avoid this, we analyzed the database looking for missing, extreme, or inconsistent values, and such values were returned to the investigators for correction. 4) Finally, although global climate change has already had observable effects on the environment, resulting in a significant increase in the morbidity and mortality of patients with chronic lung disease 24 and increased prevalence of certain respiratory diseases; 25 due to the slow progression of climate change and global warming, 1 year is probably insufficient to evaluate the effect of climate change on clinical practice. Therefore, the present study does not aim to evaluate the effect of global warming on clinical practice but only studies possible variations in COPD care in a year. Notwithstanding the foregoing, geographical and time variations could influence our results. Significant year-to-year variations in climate conditions within a particular geographical area might affect our results. In addition, climate differences among the different areas in the country might also have an effect. Although Andalusia has extreme temperatures ranging from very high temperatures and high pressures during the summer to considerably cold winter months with temperatures reaching 0°, other parts of Spain may get colder during the year. Therefore, the results might have been different if the study would have been carried out in a region with more extreme climate changes throughout the year. We are currently analyzing the results of a nationwide clinical audit that will allow us to analyze seasonal variation in the country.
The results of the present analysis indicate that clinicians do not alter their clinical practice according to the seasons. A recent body of evidence has shown the variation in symptom perception by patients during the 24 hours of a day. 26, 27 However, although there is information on the distribution of exacerbation during the seasons, 28 very little information is available regarding the variability of symptoms during a year. Although 1 study has focused on the effect of seasons on physical activity, 29 the majority of the evidence shows that exacerbations increase during the cold months. 30 However, in a stable state, there is little evidence of an association between the seasons and the symptoms perceived by patients. Should this association exist, it would result in an expected change in clinical performance across seasons. However, the differences found here are explained by the severity of the disease, indicating that this is the main driver of clinical decisions rather than the seasons. A recent analysis of the same database indicated that exacerbations and symptoms were the main factors for stepping up treatment, and FEV 1 and previous treatment with long-term antibiotics or inhaled steroids were the key determinants for stepping down treatment. 20 Thus, our data suggest that clinicians adapt their performance in accordance with clinical manifestations rather than the time of the year.
The association of inhaler device satisfaction with respect to the seasons has not been described previously. Nonetheless, we need to be cautious with this relationship. Because of the pilot nature of the study, the number of variables was limited. Accordingly, a detailed evaluation of inhaler satisfaction was not included in the audit, and investigators were only asked to check whether the degree of satisfaction with the inhalation device was recorded during the clinical visit. Clearly, adherence evaluation and inhaler device satisfaction are crucial for a chronic respiratory condition. Many studies have highlighted the importance of treatment adherence and a correct inhaler technique in COPD. 31 Patients' satisfaction with the inhaler has been associated with compliance and health status in COPD, 32 where the role of the doctor in-charge is also crucial. 33 It follows that patient satisfaction with the inhaler should be routinely evaluated. Recently, patient preference and acceptability of inhaler devices have been evaluated using the Handling Questionnaire, 19 a validated questionnaire specifically designed to identify and compare the features for choice and acceptability of different inhalation devices in patients with persistent airway obstruction. 34 
Conclusion
In summary, the analysis of the Andalusian COPD audit data on seasonal variability of clinical practice indicates a lack of association between seasons and clinical COPD care, after controlling for confounders, except for recording inhaler device satisfaction, which decreased in autumn in our region, but with a low compliance of this clinically relevant evaluation. The present data should encourage clinicians to increase awareness of the importance of evaluating inhaler satisfaction to improve clinical care for COPD patients.
